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FOREWORD 


This  report  wai  prepared  by  the  University  of  Dayton  Research  Institute, 
Dayton,  Ohio,  under  Contract  AF  33(6 15)- 2674  with  the  Air  Force  Flight 
Dynamics  Laboratory,  Wright-Patterson  Air  Force  Base,  Ohio.  This 
research  was  performed  under  Program  Element  6.  16.  46.  01.  D.  in 
support  of  Project  1473  Task  147301  Dr.  W.  A.  Kapp  (FDTR)  was  the 
Air  Force  Project  Monitor.  The  research  reported  herein  was  performed 
during  the  period  16  May  £967  through  30  November  1967  and  the  report 
was  submitted  13  December  1967.  Principal  irveati gator  was  Dr.  John  H. 
Meiser,  Assistant  Professor  of  Chemistry,  University  of  Dayton. 

This  technical  report  has 
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ABSTRACT 


A  comprehensive  list  of  organic  semiconductors  has  been  prepared 
to  Include  compounds  having  resistivities  In  the  raoge  10~3  to  10^® 
ohm  cm.  Where  electrical  and  mechanical  properties  were  found,  they 
were  Included.  Five  classes  of  compounds  were  reviewed  and  ten 
compounds  were  suggested  as  displaying  electrical  hysteresis  effects 
due  to  mechanical  loading.  Included  In  the  tables  Is  a  listing  of 
physical  properties  of  commercially  available  plastics. 
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INTRODUCTION 

The  following  report  was  designed  as  a  literature  survey  of  organic 
semiconductors  and  as  a  compilation  of  their  electrical,  mechanical,  and 
chemical  properties.  Included  in  the  report  are  commercially  available 
plastics  whose  resistivities  place  them  near  the  low  end  of  compounds 
considered  as  semiconductors. 

This  report  is  divided  into  two  sections:  ^art  I  is  a  listing  of  the 
above  properties,  and  Part  II  is  a  discussion  of  these  properties  with 
regard  to  electrical  hysteresis  due  to  mechanical  loading. 


PART  I  Review  of  Published  Data 

In  terms  of  conductance,  an  organic  semiconductor  is  found  normally 


-1  2  -14 

with  a  conductivity  (ohm  cm)  between  10  and  10 


Its  carrier  con¬ 


centration,  either  p-type  or  n-type,  will  typically  be  in  the  range  of  10  to 
19  3 

10  carriers  per  cm  .  The  mobility,  p  (a  measure  of  the  ease  with  which 

the  carriers  pass  from  one  molecule  to  the  next),  will  be  found  between 

10^  and  10  ^  cm^  volt  *  sec  The  above  quantities,  when  compared  to 

2  8  - 1 

values  for  a  typical  metal,  are  found  to  be  10  to  10  (ohm  cm)  , 

22  3  3  2  - 1  - 1 

10  carriers  per  cm  ,  and  10  cm  volt  sec  ,  respectively.  Thus,  we 

have  the  distinction  between  organic  semiconductors  and  metals  and  a 

general  idea  of  their  relationships  with  regard  to  these  quantities. 

,140 

However,  Pohl  states  that  a  substance  should  show  six  properties 
in  order  to  be  listed  as  an  organic  semiconductor: 

(1)  Conductivity  in  the  range  10+^  to  10  (ohm  cm)  *; 

(2)  Negative  temperature  coefficient  of  resistance; 

(3)  Conductivity  sensitive  to  impurity  concentrations; 

(4)  Usually  a  high  thermo-electric  power; 


(5)  Rectification  or  at  least  non-ohmic  behavior  at  junctions; 

(6)  Photo- sensitivity. 
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Unfortunately,  many  of  the  compounds  of  interest  to  us  have  not  been  studied 

enough  to  yield  sufficient  data  to  allow  their  classification  according  to 

Pohl's  definition  -  particularly  with  regard  to  the  last  five  properties. 

Therefore,  we  will  list  all  compounds  as  semiconductors  when  their 

conductivities  fall  into  the  above  range.  For  the  sake  of  completeness, 

-18  -1 

many  compounds  with  conductivities  down  to  10  (ohm  cm)  will  also 
be  listed. 


Concepts  and  Symbols 

The  conductivity  of  substances  as  appears  in  the  tables  obeys  an 
equation  of  the  form 


e(-E/2kT) 


(1) 


over  some  range  of  temperature, 

where:  <r  =  conductivity,  (ohm  cm)  * 

(tq  =  constant 
E  =  energy  gap 
T  =  temperature 
k  =  Boltzmann's  constant. 

In  general,  the  exponential  factor  determines  the  temperature  dependence 
and  arises  from  the  exponential  increase  in  probability  that  charged  carriers 
are  thermally  liberated  across  a  potential  barrier.  But  depending  on  the 
envisaged  mechanism  for  the  liberation,  a  thermal  term  can  be  contributed 
too-  . 

141 

It  may  be  shown  that  an  equation  for  conductivity  in  the  form 


o-  =  *0  (T)  ®XP  (-E/kT)  (2) 

can  give  rise  to  Equ.  1  where  <Tq  (T)  represents  any  function  of  T,  subject 
to  certain  conditions.  Thus,  the  experimental  value  of  E  may  be  temperature 
independent  only  approximately.  Thus,  before  experimental  results  can  be 
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theoretically  evaluated,  an  assumption  as  to  the  manner  of  charge  transport 
must  be  made.  Such  descriptions  are  outside  the  purpose  of  this  survey 

and  the  interested  reader  is  directed  to  the  many  books  which  discuss  this 

..  77,  142,  143,  145 

problem 


The  reader  is  cautioned  in  comparing  the  data  which  appears  here 

and  those  in  the  original  literature.  The  energy  term  for  Eqn.  1  often 

appears  in  several  different  forms:  E/2kT,  E/kT,  or  E/RT.  In  E/RT,  E 

2E 

is  expressed  in  kilocalories  per  mole  and  has  the  numerical  value  of 
electron  volts.  In  our  listings,  all  entries  are  made  to  conform  to  the  first 
expression,  E/2kT,  and  are  in  electron  volts. 

For  convenience,  instead  of  listing  conductivity,  we  will  list  the 
specific  resistance.  This  is  easily  accomplished  since 


tr  =  1/p 


(3) 


where  p  is  the  specific  resistance.  Then  Eqn.  1  can  be  rewritten  as 

E/2kT 


(4) 


Thus,  the  values  of  p  and  E  in  the  following  tables  will  conform  to  the 
above  Eqn.  4.  Rather  than  continue  a  discussion  of  the  various  entries 
here,  the  meaning  of  the  entries  should  be  clear  from  the  tables. 


Compilation  Coverage 

These  tables  were  obtained  by  a  thorough  search  of  the  physics 
and  chemistry  literature,  including  publications  in  chemical  engineering. 
The  search  was  performed  with  one  computerized  search  and  by  manual 
searching.  Manual  searching  was  found  to  be  far  more  suitable  for  finding 
data.  This  is  due  in  part  to  the  fact  that  chemical  literature  has  not  been 
thoroughly  computerized.  The  major  source  searched  was  Chemical 
Abstracts.  Indeed,  cross-checking  of  references  at  the  end  of  individual 
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papers  insured  also  the  inclusion  of  those  references  if  not  entered  into 
the  Chemical  Abstracts.  The  search  includes  data  published  up  to  June,  1967. 

In  view  of  the  second  part  of  this  paper,  a  few  substances  which  were 
found  with  very  high  specific  resistance  (low  conductivities)  10*^  or  larger, 
were  eliminated  from  the  tables  since  they  fall  far  outside  the  limits  set  for 
organic  semiconductors.  No  deletions  in  the  opposite  direction  (low 
resistivity)  were  made. 

Manner  of  Presentation 

In  order  to  facilitate  the  listings,  the  compounds  have  been 

142 

divided  into  a  number  of  sections  following  that  of  Gutmann  and  Lyons 
This  division  depends  partially  on  the  substances1  nature  and  partially  on 
the  manner  of  their  occurrence.  Although  there  is  a  section  on  biological 
materials,  some  of  these  materials  may  be  listed  under  molecular  crystals 
because  they  occur  in  nature  as  crystals  or  because  of  the  major  work 
performed  on  them  as  molecular  crystals. 

Each  compound  as  appears  in  the  table  is  listed  in  alphabetical 
order  and  accompanied  by  the  value  of  its  (room  temperature)  resistivity, 
temperature  range  to  which  the  resistivity  is  applicable,  and  the  energy 

gap- 
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PART  II  Criticism  of  Data  and  Recommendations 
Review  of  the  Data 

The  first  thing  which  we  note  about  the  tables  in  this  report  is 
the  lack  of  data.  The  lack  of  data  present  is  due  to  several  things.  Primary 
among  these  is  that  for  most  of  the  compounds  listed,  engineering  data 
simply  do  not  exist.  It  was  decided  to  compile,  at  first,  as  complete  a 
list  of  organic  semiconductors  as  possible  without  regard  to  their  mechanical 
properties  and  then  to  add  the  mechanical  properties  as  far  as  available. 

Although  a  value  appears  for  the  resistivity  of  a  particular  com¬ 
pound,  the  data  cannot  be  accepted  without  a  critical  review  of  the  tech¬ 
niques  used  to  obtain  the  data.  Thus,  some  authors  do  not  list  the  methods 
used  in  the  resistivity  determination.  Other  authors  do  not  take  into  account 
space-charge  considerations,  or  the  effect  of  the  contacts  used  in  their 
particular  method.  Rust  and  others'  '  describe  some  of  the  dangers 
involved  in  using  the  most  simple  techniques  for  contacts  and  encapsulation 
of  the  sample  material.  It  is  often  found  that  the  temperature  or  pressure 
(in  compacting  samples)  is  inadequately  controlled  or  not  reported.  In  view 
of  these  short  comings,  the  tables  of  data  were  reported  without  critical 
evaluation  of  the  methods  used  to  obtain  the  data. 

Another  problem  presents  itself  in  the  task  of  collecting  data  for 
many  of  these  compounds. 

If  the  above  tables  are  carefully  examined  and  checked  with  the 
original  literature,  it  is  seen  that  many  of  the  compounds  were  first  prepared 
by  the  researchers  reporting  the  compounds*  resistivity.  Quite  often,  the 
total  yield  of  such  reactions  is  a  few  tenth  of  a  gram  of  product.  When  the 
investigator  did  not  find  the  particular  effect  desired  for  this  investigation, 
the  compound  often  no  longer  was  investigated.  Thus,  automatically,  one 
would  not  expect  much  data  to  be  available  on  these  compounds.  When  data 
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are  available,  they  are  included.  Thus,  commercial  plastics  have  a  special 
table  devoted  to  their  physical  properties.  These  data  normally  are  given 
with  a  range  of  values  of  their  physical  properties  since  samples  from 
different  commercial  suppliers  will  generally  vary. 

One  will  also  note  that  most  of  the  compounds  in  this  table  lay 
outside  the  resistivity  range  given  by  Pohl  as  appropriate  to  organic 
semiconductors.  Their  inclusion,  especially  with  regard  to  polymers,  was 
done  to  present  a  more  complete  list  of  compounds  upon  which  work  has 
been  done. 

Normally,  the  procedures  for  preparing  the  compounds  presented 
in  this  survey  will  be  found  in  the  journal  article  referenced.  This  is  not 
true  for  the  commercially  available  plastics  whose  actual  preparation  is 
normally  proprietary  information. 

Compounds  Exhibiting  Hysteresis 

One  of  the  most  interesting  compounds  to  come  to  the  attention  of 
this  investigation  is  not  even  listed  a*  having  a  determined  resistivity  in 
the  tables.  However,  its  properties  are  such  that  it  should  be  investigated 
both  for  possible  semiconducting  properties  and  also  for  resistive  or 
dielectric  hysteresis.  This  organic  molecular  crystal  is  thiourea  (CH  N  S). 

*  b 

At  normal  temperature  and  pressure  the  crystal  belongs  to  the  orthorhombic 

centrosymmetric  group  (P  )  with  four  molecules  in  the  single  crystal. 
(239)  211  111X14 

Bridgman  investigated  the  phase  diagram  for  thiourea.  Extrapolation 

of  his  data  gives  a  transformation  at  25°C  of  3460  kg/ cm2.  Leonidova^22**) 

found  that  a  first-order  transformation  occurs  in  thioruea  under  a  pressure 
2  o 

of  4000  kg/ cm  between  18  and  74  C.  Thiourea  has  ferroelectric  properties 
along  the  010  axis  at  tempi  ratures  below  169°K  and  between  +76  and  180°K. 

At  all  other  temperatures  between  90  and  300°K  the  crystal  is  antiferroelectric 
and  the  phase  transition  involves  a  change  from  one  state  to  the  other  at  high 
pressures.  The  imp'  tant  thing  to  our  discussion  is  that  ferroelectric 
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properties  of  the  samples  may  be  measured  by  a  hysteresis  loop  which  forms 

(238) 

with  a  change  in  pressure.  Leonidova*  7  also  found  after  2-3  cycles  of 
increase  and  decrease  of  pressure,  his  single  crystal  c.f  thiourea  broke. 

Single  crystals  can  be  grown  by  evaporating  the  solvent  from  a  saturated 
solution  of  thiourea  in  methyl  alcohol.  The  thiourea  is  commercially  avail¬ 
able.  Samples  used  in  the  above  work  were  7x5x1  mm. 

Other  compounds  have  not  yet  been  investigated  for  possiblo  first- 
order  transitions  to  be  used  in  the  same  manner  as  thiourea.  However,  two 
other  compounds  show  hysteresis  loops  of  sufficient  size  that  a  change  may 
easily  be  recorded.  Pyranthrone  shows  a  resistivity  versus  temperature 
hysteresis.  Ferrocene,  on  the  other  hand,  has  a  resistivity  versus  pressure 
relaxation.  In  this  case  the  changing  parameters  appear  to  be  due  to  a 
mechanical  lengthening  and  shortening  of  the  intermolecular  bands.  Ferrocene 

7 

has  a  resistivity  in  the  order  of  10  ohm  cm  and  thermoelectric  power 
+  1.  2  -  1.  6  mV/ deg.  It  is  found  that  the  resistance  normally  decreases  with 
increasing  pressure  reaching  a  minimum  at  5000  atm.  followed  by  an  increase 
with  increasing  pressure.  This  is  a  reversible  process  except  for  the 
hysteresis  and  is  not  due  to  polymorphic  change.  References  231,  229»  230, 
and  63  are  specific  papers  on  ferrocene  or  related  compounds.  References 
77  and  142  are  more  general  references  treating  ferrocene. 


Several  classes  of  polymer  compounds  should  be  mentioned  at 
this  point.  Charge  transfer  complexes,  in  general,  can  be  stable  and  may 
display  hysteresis.  However,  the  whole  set  of  hydrocarbon/halogen  com¬ 
plexes  seems  to  be  stable  only  under  their  vapor  pressure.  They  are  sen¬ 
sitive  to  air  and  to  water  and  thus  appear  unsuitable  to  applications  where 
they  are  in  contact  with  these  substances.  The  reason  this  set  is  mentioned 
is  because  of  their  rather  low  resistivities. 
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The  second  set  which  should  be  mentioned  is  the  phthalocyanines 
in  combination  with  various  metals^^.  There  does  not  appear  to  be  any 
hysteresis  but  these  compounds  do  show  stability.  Their  crystalline  and 
electrical  properties  are  similar  to  anthracene  exhibiting  low  carrier 
mobilities  and  high  electrical  resistivity. 

Anion-radicals  of  to tracyanoquinodim ethane  normally  have 
crystals  which  are  weak  and  brittle  However,  low  -  and  intermediate  - 

conductivity  compounds  often  are  relatively  easily  obtained  in  the  form  of 
single  -  crystals,  while  high-conductivity  materials  come  out  of  solution  in 
fthe  form  of  small  needles.  Compounds  of  the  type  M+(TCNQ)  and 

A  m  ^ 

M+(TCNQ)  on  heating  dissociate  into  M+(TNGQ)~  and  free  TCNQ  while 
compounds  of  the  type  M+(TCNQ)  decompose  before  melting.  This  class 
of  compounds  does  not  show  hysteresis. 

Finally,  there  exist  a  large  number  of  condensation  products 
which  would  normally  be  considered  as  polymers  in  die  normal  sense  of  the 
word.  Here  again  there  appears  to  be  few  reasons  to  pick  one  over  any 
other. 

For  the  sake  of  argument,  1  would  pick  the  following  one  or  more 
from  the  above  sets  to  begin  work  upon. 


Charge-Transfer  Compounds 

10 

(1)  Azulene  :  Tetracyanoethylene  p  =  4.  7x10  ohm  cm 

1 : 1  complex  made  by  die  solving  equal  molar 
quantities  of  azulene  and  T CNE  in  ether  and 
slowly  evaporate  solvent.  T CNE  is  available 
from  Eastman  and  azulene  from  Rutger swerke  -AG. 
Reference  6. 

(2)  Cobaltocene  :  Ghloranil  p  =  2.  05  x  10*  ohm*  cm 

Press  versus  p  data  given 
Reference  73. 

(3)  Dibenzo  [c,  dj  phenothiazine: 

2,  3  -  dichloro  -5,6-  dicyano  -  p  -  benzoquinone 

2:1  p  =  17  ohm- cm 

3 

1:1  p=5xl0  ohm-  cm 
For  starting  material  see:  Reference  241. 

Reference  2. 

(4)  £  -  Phenylenedi  amine  :  Chloranil  p  w  10^  ohm- cm 

Seebeck  coefficient  :  1.  1  x  103  V/  deg. 

-3  -1  -1 

Thermal  conductivity:  2.  Ox  10  w  cm  deg 
Chloranil  is  available  from  Eastman. 

K&K  handles  p-phenylenediamine. 

Reference  167,  6,  62,  233,  1,  27. 

Phthalocyanine 

(1)  Cu  phthalocyanine  p 

References  41,  81,  142,  144,  77.  The  last  three  give 
many  more  references. 

Anion- Radi  cals  of  Tetracyanoquinodim  ethane 

(1)  Diaminodur  ene  (7,  7,  8, 8  -  tetracyanoquinodim  ethane) 

p  =  2  ohm- cm 

Reference  33. 


io12  -  io13 
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(2)  N-methylquinolinium  (7, 7,  $,  8-tetracyanoquinodi  lefhane)^ 

single  crystal  p  =  0.  01  ohm*  cm 
compacted  p  =  2.0-10.0  ohm*  cm 

Reference  33. 

Condensation  Products 

(A)  Polyacenequinone  Radical  Polymers 

(1)  Anthraquinone ,  pyromellitic  anhydride,  Zm  Cl^ 

3:1:2  p  =  2.0x10^  ohm*  cm 

Reference  75. 

(2)  Pyrene,  pyromellitic  dianhydride  p  =  2.58xl04 
Material  is  insoluble  and  infusible  -  slight 
thermoplasticity  allows  compacting.  It  is 
swellable  by  acetone. 

Reference  25. 

(3)  Pyrene,  p-fluorobenzoic  acid,  Zn  Cl_  (catalyst) 

L  4 

1:1:1  p=  7.8x10  ohm*cm 


Reference  55. 


«*»  o 

>0  N 


«>  <M 

— <  sO  O 

O  CO  r-  —I  CO 


53  * 
*  a 

c  o 
o  *3 
><  4 


‘  U  " 

O  (3 

o 

i! 

•°.  1 
N  O 
U 


o  °  J5 

g  E  -*  •  ^  fl-  5 

..  <1  -C  «  £  4  o 

D  •  „ ,-.  ^  o  .  o  ^  ^ 

°  *•«?•  •**•«*«-  ^ 

o  \  u  0,0  o  4  „ 

N,5  O  M 

«;  o  °  m  i>-  -4'  -  zl  £  u 

"r-»fM  *  •  «4  4«  4*  ®  ® 


u  u  m  r-  -  *3 

-  n  •  •  r-  «m  4*  ja 

_«•  ®  ®  +  •  +  • 

m  5'°'°  (  It  I  <h 
S.  4<  _?  _r  oo  oo  ao  o 

J.O'HH  O'O'  O' 

V  *L  fL  IL  4 

>  Piflt  WC  to  0  « 

OUOU<3<<33 

r-'  'ip  ao  ■if  ao 

4*  4«  4«  4* 

14  N  N  N  (M 


V  V  V 

«  PC  PC 


<H  I  Jj 

ON  • 

C  O,  .  N 

m  a  w"  Jj 

(O  <  o 


vO 

>0 

0 

4i 

<M 

>0 

>0 

4< 

>o 

0 

4< 

4* 

ID 

O' 

0 

'O 

>0 

O' 

'O 

r- 

m 

• 

• 

» 

• 

• 

* 

• 

• 

• 

• 

c 

• 

(M 

m 

co 

*0 

iH 

ID 

0 

r-H 

«4 

0 

0 

O 

0 

rsl 

0 

0 

O 

O 

•-H 

r- 

<M 

CM 

>o 

O 

O 

0 

O 

O 

0 

4* 

♦» 

44 

44 

*» 

O 

r- 

0 

O 

O 

O 

>0 

O' 

m 

co 

OO 

OO 

I  ^  ^ 

H  — '  — « 

S  o  o 
o 


^  in  X 

r4  tH  4) 

o  o 

H  -4  IT) 


°  2 
m  ” 

Mi? 

O  O'  ID  CM  ^  4* 
•-«  — <  ro  IM  Oh 
X  O  .  O  **  O 


®  £  «, 

C  5  T| 

«  ,3  " 

J3  5  tj 

*»  s.  C 

M  £?  -3 

(X.  c  * 

4  «  J3 

c  o  is 

V  <*  -C 

OJO. 

<  A 


•  '  Q 

"-Sc 
V  S  « 

c  H  O 

i:  o  4 

d  c  N 

■H  -H  f 

N  0  *3 

O  o*  C 
<  < 


35  5  3!  3 

>»  >*  >s  r 

N  N  N  o 

O  O  O  y 

t>  «  V  « 

r— <  r—i  w—t  . 

M  ta  to  m 

C  G  C  c 

-H  -H  -H  *3 


[  • 


^  I  Vi 
O  •<  0 

d  >2,  £*  Ti 

X  44  V< 

47  M  d 
W  A  O 


f  1 


flfi 

- 

W  o' 


S  m 
o  S 

o 

pH 

A 


O 

CL 


0 

O 

a 


A 

W 


CO 


t{  m  n  r-  co 

v  t?  ■<*•  r«-  t«- 

Ph  •— C  *“i  •— I  1— I  f— I 


O' 

IM 


*  M 
CM  CO 
«  00 
(M  Hi 

—1  •  M  N  U1 

-  ID  00  M  sO 
ON  d<  H  H  M 


u 

V 

x 


IM 

a 

u 

CO 

• 

IM 

Al 


0 


U 

0 


"h 

u 

CO 

o 

►* 


■8  -8 
2  2 


*-i 

rH 

M« 

vO 

O'  IM 

CM 

O' 

pH 

O 

CD 

r- 

H  rH 

Hi 

0s 

CM 

vO 

• 

> 

• 

1 

0 

j 

H 

O 

a 

• 

0 

u 

N 

m 

•H 

J 

8. 

■d 

Pi 

a 

fl 

0 

O 

V 

H 

0 

d 

u 

X 

6 

s 

0 

N 

0 

J3 

pH 

T* 

a 

0 

rn 

U 

0 

O 

0 

g 

1 

ID 

■M 

•H 

.3 

0 

O 

O 

id 

*  , 

Mi 

0 

H 

sO 

r— 1 

O 

O 

X 

M* 

X 

Q. 

»— i 

M* 

co 

i— 1 

»-i 

fl 

CM 

X 

IM 

II 

0 

• 

• 

•H 

0 

««H 

»-i 

N 

1— 1 

N 

H 

M 

d. 

CM 

If 

£ 

O 

O 

O 

O 

d 

0 

•H 

04 

a. 

a. 

CL 

a. 

C 

a 

0 

r-  1- 
t*-  t- 


r- 

r- 


o 


CM 

M< 

IM 

r- 

O 

00 

0 

CM 

ao 

0 

'O 

O' 

r*- 

vO 

vO 

'O 

m 

p- 

IM 

co 

(M 

pH 

vO 

M* 

IM 

pH 

IM 

H 

H 

H 

Hi 

pH 

ni 

CD 

0 

CO 

0 

pH 

0 

IM 

0 

pH 

0 

CM 

gi 

0 

ID 

r- 

p-f 

a  0 

0  ^ 

IM 

0  0 

r  . 

°  0 

O 

4* 

H 

0  0  *■* 

iO  Hi  O 

0 

sO 

ID 

OOO 
H  O' 

000 


o 

m 


o  w  w  o 
+j  4*  j; 


^  N  a 


*  u 

'f  o  00 


O  ID  ID 
^  N  N 


O  ID  IM 
•>*  —•  r- 


5  TL 

a  0 

n  — 1 

X 


JH  H  Oh  in 

OOO  . 

A  ■"H  IM  *H  Hi 


ID 


u 

5 

a 

o 

u 


3  p4 

Ba 


.  If) 


3s 


o- 

o 

H 

00  X 

<— I  ID 

o  . 


CD 

H 

o 

|-H 

X 


co 

*— i 

o 

X 


O  .S 

o  ■ 

~  ir  • 

0  0  O 

85  I 

u  00  d 

X  c  § 

U  >H  o 
J 3  »  » 

4-> 

G 

C 


^  H 

_  3  5 


t  £ 

U  o 

®  V 

00 
5  c 


V. 

o 


00 

a 


0 

0 


’d 

0  5 

tJ  § 

as 

a  a 

8  3 

u 

Vi 

0 

£ 


0 

a 

0 

M 

A 

** 

a 

J3 

4-» 

4 


•o  £ 

0  r' 

•m  Vi 

X  O 

2,j» 

ts 

0)  a 


o 

§ 

Vi 

A 

■*■» 

a 

JS 


If 

<M 

O 

^4 

X 

ao 

• 

00 


o 

a 


Vi 

a, 

■H 

T3 

X 

Vi 

A 

+* 

4 

1 

0 


M* 

«k 

O' 


ID 

«H 

o 

1"^ 

X 

N 


H 

o 

H 

X 

00 


OOO 
CD  CD  CD 


t —  id 

H  H  H 

OOO 


u 

X 


c 

X 

Vi 

A 


4  -J  4 


0 

g 

o 

u 

A 

*-> 

d 

<1 


0 

c 

-3 

1H 

Vi 

u 

X 

3 

0 

PQ 

1 

IM 


0 

c 


Vi 

o 

X 


0 

PQ 

1 

CD 

«k 

IM 


3, 4-Benzacridine 


*  ;e 

K  ~ 


o 

n- 


IM  p-C 

'C  O' 


co 

o 


O' 


o  o 

CM  N 


CM 

O'  Tf 

t-  H 


f- 

M* 

H 

M3  (M  . 
00  if  ^ 
H  H  ® 


r* 

oo 


QO 


*■' 


00  00 
00  00 


oo  ao  —*  oo 

O'  h-  O'  ^ 

rt  N  H  (M 


u 

o 

CM 

M3 


a 

a 


o 

o 

IT) 

in 


n 

a 

V 

8 

E 


O 

a 


O' 

in 

CM 

■ 

K 


u  S 

~  u 

.  o 

00  M3 
M*  CM 

•  • 
a  a 
•  • 

a  a 


c 

o 

•H  _  . 
M  U 

S*  o 

.£  ° 
I*- 
U 

:* 
f  a 

•H 

O  « 
,2  ° 
§  ° 

8  £ 

«  * 

2  ® 
43  rt 

Pc  S 


u  o 


o 

t'- 

M* 


O 

o 

O' 


a  a 
•  • 

a  a 


o 

o 

U 

o 

o 

o 

o 

o 

o 

vO 

M3 

1 

1 

o 

1 

O' 

00 

CO 

m 

in 

M« 

• 

a 

• 

a 

a 

• 

a 

m. 

• 

a 

a 

u 

i 


in 

o 

H 

H 

O 

CL 


I 

O  fa 

fl.2, 
00  (0 
•pH  —4 

co  S; 


fa 

« 

>»  "C 

£  u 

cd 

U 


00 

o 


c 

■H 

W 


H 

JkJ 

CM 

w 


o  cn 
•  • 
M<  CM 


a  u 


vO 

in 


o 

m 


o 

CM 


00 

CM 


CM 

n- 
•  • 
cm  co 


o  :  :  ° 

JJ  2  2^ 

“  i 

00  O  O'  o 

'  •  •  • 

o  co  h  n 


M* 

M1 

CM 

CM 

r- 

co 

co 

O' 

p-i 

o 

o 

• 

C0 

• 

co 

• 

PM 

• 

• 

C0 

• 

<nj 

• 

CM 

co  n  r- 


M< 

I 


M< 

M*  r- 

(M 


_  o  o 

O  4-P  -L* 


co 

J1  H 

O  O 
•-4  -H  p— I 


o 

CO 


vO 

H 

o 


in 


M*  MJ  m  cm  r-  o 
oo  eo  cm  —i  i  m 


o 

a 


o 

vO  m 
•“*  pH 

O  O 

»M  CO 

X  X  in  © 

'O  CO  H  r— I 

•  2  x 

M*  *-c  in 


in 

H 

o 


CO 
H 
— c  O 
•— i  •— i 

O  x 

■— 1  CO 


m 

H 

o 

x 


o 

in 


in 

o 


X  in 

in  -4 

•  o 

CM  —t 


o 

00 

2  i- 

CM  * 

co  A 

0 

CM  P-C 

co  p-I 

4-1  O 

R)  p-I 

CM  in  X 

•— l  »— l  \Q 

o  o  . 

•M  P-I  CM 


CM  I 
O  sO 

H  H 

X  o 

M3  — i 


in 


r- 

© 


O' 

o 


X  i 

t'-  M3 
•  O 


O 

CM 


in 

CM 


o 

CO 


r- 

o 


M3 


X 

CM  00 
•  O 


« 

O 

G 

cd 

*-» 

■ 

ja 

G 

Ui 


03 

G 

id 

N 

G 

V 

m 


» 

G 

V 
o 

id 

fa 

M 

4-P 

d 

3 

V 

pq 

i 

CM 


V 

V 

u 

G 

o 

G 

O 

N 

O 

(4 

cd 

G 

-G 

TJ 

0) 

4-P 

V 

•G 

ja 

G 

G 

a 

a 

cd 

V 

■H 

o 

N 

N 

N 

c 

G 

G 

G 

V 

V 

V 

V 

PQ 

m 

PQ 

PQ 

G 

v 

JG 

a 

•H 

PQ 


a> 

G 

a> 

G 

o 

fa 

o 

O 


v 

G 

•H 

G 

fH 

v 

a 

id 

>* 

U 


v 

G 

o 

fa 

-G 

+j 

G 

cd 

G 

<d 

t- 

U 


V 

c 

v 

fa 

to 

a 

o 

G 

•H 

a 

rt 

■H 

Q 

i 

M3 


~T  15 


O' 

O' 

r- 

r- 

H 

O'  r- 

co 

H* 

o 

O' 

00 

O' 

00 

O' 

00 

O' 

r- 

CM 

o 

O' 

H 

O' 

CM 

M*  vO 
O'  00 

m 

*h 

o* 

»** 

f~ 

rsl 

CM 

CM 

—•  in 

vO 

CM 

H 

fH 

M 

fH 

H 

»H 

— 1  CM 

H 

O 

pm 

O 

o 

• 

u 

m 

g 

o 

pX 

s 

vO 

1 

M* 

JO 

o 

1 

M* 

in 

fH 

u 

« 

« 

fM 

o 

CO 

U 

o 

Li 

Li 

•  • 

9—i 

•  • 

o 

co 

0 

0 

m 

i 

■ 

t- 

1 

■ 

m 

V 

o 

U 

4) 

■ 

CM 

« 

m 

M 

a. 

o 

■ 

vO 

co 

4) 

V 

o 

•• 

(O 

O 

00 

co 

Li 

h 

s« 

rH 

00 

S4 

CL 

CL 

g 

O' 

g 

• 

CL 

• 

CL 

• 

■ 

o 

• 

m 

PL 

o 

• 

r* 

• 

ri 

► 

► 

o 

o 

« 

• 

ft 

o 

4> 

p 

6 

a. 

a. 

*d 

M 

6 

■jo  i 

^  Q\  O 
•«*  O' 

u  •  2X 
o^2 

O  -M  U 

*  g  *3 

d,  8 

b  e  o? 


i  u 

^  o  { 

as  o 


+  +  + 


S  U  O  N 

~  rZ  O'  -* 

M  C*  «> 

"  u  «  • 

p*  O  •— I 


a  2 

o  o 


O  . 

cl  r- 


o 

—  ■+ 
X  O 
O  H 

•  X 


O 

m 

M* 

00 

o 

'O 

M* 

M* 

'O 

O' 

pH 

r- 

M* 

00 

M3 

NO 

• 

■ 

•  • 

• 

• 

• 

• 

• 

• 

• 

in 

CM 

H  H 

CL 

H 

H 

CO 

CO 

CM 

o 

o  o 

o 

o 

r*- 

in 

■*  Ml 

M* 

•* 

CM 

p-i 

CM 

pH  H 

H 

H 

CM 

O' 

pH 

o  o 

o 

o 

O 

+» 

o 

o 

-M  4-* 

-M 

4-» 

m 

4-» 

4-> 

o 

M* 

©  o 

o 

o 

o 

M* 

o 

o 

o 

in 

00 

CM  CM 

CM 

in 

CM 

^H 

CO 

CO 

co 

o 

in 

m 

pX 

pH 

CM 

H 

in 

m 

o 

o 

o 

pH 

o 

H 

co 

H 

pH 

^H 

pH 

pH 

o 

M* 

o  o 

X 

X 

00 

X 

o 

X 

H 

H 

H  H 

in 

oo 

H 

H 

pH 

M< 

X 

o 

*  >< 

• 

• 

o 

• 

X 

■ 

co 

H 

vO  M< 

IM 

CO 

H 

pH 

r- 

pH 

•S  a 

0  rt 
CO  Li 

1 

N 

C 

V 

J3 


r*- 

t 

« 

c 

« 

«  Li 
C  Jd 
«  0. 
»G  O 

ft.  43 

.2  - 

5  T 

o  o 

«  (4 

a  c 
«  « 
J3  xi 

s  s 


in 

i 

o 

Li 

°  V 

jd  c 
o  o 
ZJ  c 

Ti  *3 

co  cr 


k  3 

•  r1 

O'  Pl 


« 

a  « 

v  a 

N  V 

a  Li 

nt  M 

X  *J 

H  C 

S  (4 

a>  72 

Zj  o 

c  a)  *r* 

s  s  § 

8  3  -5 

4)  4)  >s 

XXX 


"2  o 

y,  o  co  vo 

Pm  •— i  ■— «  vo  h 


or-  cm 

nO  vO  O' 
—I  <M  — I 


00 


vO  CM 
r-  -h 


6 

o 


X 

00 


"o 

CL 


a 

o 


v 

o 

6 


at 

m  X 

2 

43  >0 

g  oo 

s§ 

SH  •— 1 

O  CM 

•M  - — . 

at  M 

2  o 
■f.  O 

00  00 
d1  +* 
CM  at 

^  (L 
V  (7 
OS  ii 


* 

O 

fi 


.  at 
■M  o 
o  j<  m 

a  ^  ^ 
r—  • 
.  in 

5“  g 
8* 


a 

o 


> 

ai 


o 


in 

O' 


X 

S  u 
2  ° 
..  _  t*  in 
co  ..  £ 

OO  o  H  fl 

CM  'if  . 

tJ  ^  O, 

0  0 


'O' -8 

-  m 

'<  'S 


V 

H 

o 

6  ~ 


■n 

O' 

H 

co  d1  >  vo  <m  m 

O'  CO  O'. CO  ^  vO 

H  00  H  oo  cH  ^  a) 


II 

H 

U 

jd 

8*. 

& 

a 


at 
o 
X 

CO 

r- 

H 

So 

s  5 

CS 

a>  a 

o  ° 

o  n  *> 
■H  u  o 
**  o  if 

jl  N  H 
H  N  O 


O 

a 


► 

0 


£  S 

CO 
OJ  . 

V 


«  0  0  J  0  •  « 

«  w  «  fi  05  6  OS 


CO 

10  #—0 
"S 

mh  • 
0  o 

H 


a  co 
o  in 
•C  • 

at  *s- 
H  .. 
■cj  CO 

g  oo 

.2  Csl 


if  0 
O'  Pi 
CM  ... 

*  > 
°  • 

£  ® 

««*§ 
«  . 
OS  oo 


•  at 

£  o 

V  o 

>o 

O'  O' 


£ 

V 

o 


at 

o 

o 

PM 


O'  m 

CO  ■— I 

ll  ll 
00  oo 
O'  O' 
CM  CM 

w  x 

-f 

CM 


O 

OS 


«  *» 
O' 

1  + 

II  II 

00  w 

O'  O' 
CM-C1 

m  O 

<  <1 


If 

f.f 

f 


3®  i 
•  * 

I  ; 

n 

I I 

•4' 


**H  I  Jj 

°  U  ® 

a  £  £•  £ 

M  *  is 

•H  w  Cg 

w  x  o 


h< 

MD 


a 

•H 

W 


H 

X 

CM 

W 


S* 

S  u 

0  o 

H 


'£» 

>© 

00 

NO 

NO 

n© 

m 

r- 

H* 

00 

H* 

in 

• 

• 

• 

• 

• 

• 

r- 

V 

o 

o 

o 

pH 

o 

*H 

• 

SO 

m 

in 

o 

O 

fM 

CM 

in 

o 

in 

00 

pH 

pH 

'4' 

pH 

CsJ 

in 

0 

o 

O 

pH 

O 

44 

o 

■M 

o 

44 

o 

+-» 

o 

0 

4-> 

o 

H 

44 

fM 

co 

CO 

in 

H 

o 

r- 


o 

CO 


'If 

o 

-o 

If 

in 

in 

m 

CM 

CO 

pH 

CO 

pH 

pH 

CO 

fM 

m 

in 

CM 

o 

o 

r- 

r- 

r- 

00 

r- 

o 

o 

o 

o 

o 

o 

4-* 

44 

44 

4-4 

4-4 

4-4 

o 

o 

o 

o 

m 

'O 

fM 

'’f 

Tf 

fM 

CM 

£ 

H 

00 

oo 

H 

1 1 

o 

o 

o 

u 

pH 

•H 

H 

• 
r J 

X 

X 

X 

in 

in 

m 

43 

• 

• 

• 

O 

fM 

CM 

'f 

H 

o 

rH 

X 

CM 


in  (Mn  im<  d* 

•— i  ■— i  •— i  ■— i  »— i  •— • 

o  o  o  o  o  o 


0 

o 

a 

it 

-u 

m 

43 

3 

W 


0 

c 

0 

h 

jd 

■M 

0 

0 

•H 

u 

o 


0 

c 

0 

fH 

JS 

•M 

43 


0 

43 

*» 

a} 

4) 

0 

43 

C 

a 

O 

- 

Oi 

0) 

M 

X 

at 

0 

u 

43 

4-> 

0 

o 

43 

13 

l 

0 

A 

4-4 

a> 

a) 

4-4 

at 

T> 

43 

m 

0 

2 

A 

Pd 

a 

M 

2 

1 

fM 

55 

0 

a 

0 

rH 

at 

43 

■ft 

£ 


17 


« 

« 


IM 

O' 


t— 

nO 

N 


00 

W 

•k 

o 

O' 


o 

CO  00  vO 

H  O' 


IM  «  N  N  N  H 

O'  O'  O'  O'-  O'  N 

H  M  H  H  H  •— I  \0  H  H  H 


— I  ^  . 

O'  ^  N 


»  4*  .in 
r-  4<  4*  'O 

■-<  N  rn 


O' 

r- 


oo  im 

O'  vO  Tf 


p 


s  a 

d 

g  V 

R 

O 

43  a 

• 

0  J3 

u 

0 

m 

i 

0 

U 

4*  0 

7  ® 

U 

O 

• 

0 

0  ©  I. 

m 

H 

vO 

N 

°  S° 

• 

m 

0 

IM 

°  M  *3 

00 

H 

H 

X 

H 

*"  M3  vS 

in 

• 

a 

oO 

• 

a 

•  *  • 
a  •£*  t- 

p  0 

• 

a 

• 

fj 

• 

c 

• 

c 

0. 

fi 

w  0. 

B 

u~ 

— i  O  I 

.  o  p 

in  °  R 

*  ^ 
o  1 


a 

o 

•a 

o 

§ 

3 

N 

O 

* 


«3 

« 


6 


O' 

*»  43 
(j/M° 


”  in 
co 

•4* 

o  r* 
o 

* 

o  " 
O'  00 
p“ 


O 

o 

4* 


o 

a 

g 

S 

id 

N 

'£ 


■ai 

•*2  •• 

id 

H 

1  H 

f-  0 

> 

• 

4) 

J3  vO 

®  M> 

n  r^ 

.  t- 

«  O 

.  «m 

vO 

O 

a 

H  . 

•H  _ 

(V  *—1 

II  *H 

a  <£« 

• 

A  * 

6  Pi 

P  ® 
P  43 

r- 

II 

R 

V 


*8  A 

P-2, 

bo  ft  R 

■«4  M  -H  f 

w  2  <3 


U 

co 

O'  00 

O' 

00 

nO 

• 

•  • 

• 

• 

• 

O 

O 

<M  IM 

CM 

m 

H 

s5 

^  <SI 

IM 

0 

-4-* 

0 

0 

At 

M* 

• 

■H 

'O 

0  0 

+»  4-» 

O 

«♦-» 

0 

4-» 

• 

0 

•M 

M* 

CO 

CM 

M3 

H 

N 

IM 

CO 

CO 

IM  00 

r~- 

in 

in 

M* 

pH 

pH 

in 

M3  in  m 

O  O'  O 

W 

cvl 

H 

O 

rg 

CM  — 1 

rsl 

CO 

IM 

CO 

fH 

pH 

pH 

pH  pH  pH 

IM*  —•  cm' 

O 

0 

0 

IM 

in 

0 

S' 

'O 

in 

in 

H 

IM 

00 

O 

3! 

IM 

0  4* 

O 

a  u 

®  0 

O' 

0 

H 

O 

H 

O 

H 

0 

M< 

O 

O' 

0 

•H 

O 

0 

1—4 

0 

m  -h 

'H  0 

00 

0 

H 

4-» 

■M 

■M 

•M 

4-1 

-M 

4-1 

4-* 

0  +* 

H-» 

00 

0 

0 

0 

in  0 

00 

in 

0 

^  0 

in  0 

•<* 

■<* 

'O 

IM  IM 

<M 

vO 

IM 

4* 

O  CM 

pH  sO 

m 

KS 

rt 

m 

in 

m 

H 

H 

0 

IM 

pH 

pH 

a 

0 

H 

0 

0 

0 

4 

CO 

00 

0 

00 

pH 

m 

1 

H 

pH 

F-H 

pH 

pH 

00  —• 

• 

0 

X 

0 

0 

X 

p-H 

X 

X 

0 

0 

0  r-  0 

p 

fH 

m 

rH 

•—t 

p-H 

pH 

CO 

CO 

f-H 

f-H 

pH  pH  pH 

a 

H 

• 

X 

0 

• 

0 

• 

• 

X 

X 

X  O  x 

0 

H 

IM 

H 

pH 

rsl 

IM 

pH 

M3 

Tf  pH  pH 

« 

o 

o 

5 

■ 

p 

CO 


Id 

R 

y 

a 

I 

V 
p 

V 

H 

«) 

43 

jS 

P. 

£ 


V 

a 

v 

R 

4-> 

P 

ft 


t) 

p 

o 

R 

43 

♦» 

p 

* 


■8  S 

43  43 


"a 

* 

a 


p. 

I 

i 

a 


« 

a 

o 

R 

43 

■«-> 

a 

«d 

•r-« 

T> 

O 

43 

■u 

43 

a 

«0 

c 

I 

o 

n 

« 

6 


o 

43 

4-> 

43 

PU 

<0 

£ 

i 

CCL 


*> 

a 

1 

s 

>» 

4 

43 

a 

Id 

I 


« 

P 

O 


*  9 


« 

p 


•f 

fH 

I* 

"a 

£ 

i 


8* 

« 

43 

J* 

!k 

43 

-4-> 

43 

a 

«« 

i 

IM 


V 
P 

V 


£  3 


« 

p 

« 

R 

P 

«d 


43 

a 

Id 

p 

o 

R 

♦> 

•H 

i 


o 

•5: 

o 

R 

TJ 

>* 

43 

2 

O 

o 


« 

p 

o 

•S 

1 

p 

% 

a 

« 

43 

1 

a 

1 

o 

*o 


u 

O 


« 

p 

v 

H 

$ 

O 


« 

P 

03 

u 

a 

p 

V 

Pi 


v 

P 

V 

R 

« 

Pi 


18 


6-f t - » — -  •  *»  •*••’ - 


Sign  of 
Major- 

Temp  £  in  ity 

Substance  p  ohm*  cm  oc  E/2kT  Carrier  Ref. 

Perylene  (continued)  10^8  80  to  180  2.0  198,93 


Jappa-OM*  «'J* 


$ 

■•f 

$ 


to  r- 
o'  r- 


oo  r- 
O*  O' 


i— 

CO 

CO 

r- 

o 

O 

co 

* 

CM 

CM 

r-  m 

CM 

o 

o 

O' 

'O 

H 

CM 

in 

CO 

«  CM 

in 

m* 

•» 

O'  >o 

o 

o 

O' 

«k 

o 

O 

sO 

O' 

t*-  M* 

m 

o 

CO 

H  N 

H 

N 

CM 

CO 

CM 

CM 

CM 

CM 

co  r—  h 

CM 

CM 

sO 

ro 

. 

—  cm 

1  m 

*  "  ^ 
*5  - 
N. 


a  a.A 


g 

o 

u 

w 

O 

V 

r>< 
« 
•  • 
CO 


o 

a 

G^ 

2  £ 


N 


in 


3  ° 
c  • 
o  o 

•r*  || 

•  •  •• 
O  CO 

n-  m 
(M  N 


U 

o 


s  ►  * 

©  «  j i 

°  t- 

.  O 

+  7  + 

CO  "oo  » 
O'  O'  O' 

™  cm,D* 
SnO 
<<< 


V  V  V 

«  «  PS 


2  ^ 
M< 

.  ^ 
o,  ^ 

g  « 


CO 

CM 

• 

r— 

ii 

• 

4-» 

o 

a, 

c 

o 

s 

N  O 
a  ° 
o  »« 


.. 

•H 

* 

4< 

•  • 

o 

CO 

^  1^- 
• 

•H 

1 

H 

o 

• 

0. 

b 

a 

> 

in 

cr* 

in 

r- 

<M 

• 

»*4 

r—i 

d 

g  tf 

-4-» 

d 

• 

o 

• 

g 

H 

« 

•H 

« 

• 

g 

^  (M 
•  • 

<M  CM 
•-4  -4  0 

(M  °  °  ao 

n  r^-4  - 

o  o  o 
CO  o  o 

H  H  H 

o  o  o 

44  44  44 

o  o  o 
m  M  M« 


CM 

in 

H  H 

•  * 

H  H 

00 

S'  ^ 

CM 

H 

d  d 

CNJ 

•«-» - — 

CM 

CM 

o 

— ♦  = 

CM  CM 

00 

o 


(M 


r- 

N 


r»  r— 
o  o 

44  4-> 

N  r\J 


O 

o 


M< 

00 


o 

in 


o 

in 


m  co 

m  M*  co 

pH 

H  H 

rH  H  pH 

H 

_  o  ° 

o  o  o 

o 

CO  H 

H  H  *-H 

H 

H 

CO 

XXX 

o 

X 

CM 

pH 

°  in  H 

H 

oo  co  M 

p4 

h- 

rH 

H 

•H 

•  • 

o 

•  a  • 

X 

• 

o 

o 

l  vO  Mi 

pH 

M*  *-t  in 

r- 

pi 

pH 

pH 

v 

c 

V 


a  «j 

■  » 

>*  ►* 
U  14 
U  O 

V  V 

iH  H 

be  oo 
G  0 

•H  *H 

to  a 


d  d  d 
■M  43  -M 

* 

JS 

V 

« 

G 

»  »  m 

►s  5k 

M  $4  Ih 

'0 

V 

J3 

a 

G 

•H 

G 

0) 

u 

o  o  o 

•  • 

o 

U 

V 

c 

■ 

d 

B 

4)  0)  4) 

pH  pH  H 

• 

pH 

a 

•H 

H 

>* 

U-4 

d 

G 

oe  m  oc 

d 

G 

N 

G 

00 

d 

G  G  6 

4) 

N 

rt 

V 

o 

G 

4> 

43 

•H  »H  *H 

«  ®  « 

« 

(0 

u 

G 

o 

JS 

J3 

hi 

1 

rH 

G 

V 

43 

04 

Pi 

04 

v 

G 

•H 

N 

ti 

IB 

44 

O 

G 

V 

43 

CL, 


19 


<m  <m  m 

*  X«  o 

—•  «■*  CM 


vO  N  N  CO  --I  in  O'  O'  N  h- 

©  X*  x*  o  <o  CO  o  o  <«  o 

N  H  H  N  N  N  N  IM  H  IM 


o  O'  <  in 

H  H  fX  C^  X1 

N  n  h  m  h 


(M 

o 

o  . 

V  o 
m  -H 
.  m  u 
>  >o  V 
v.  •  ■ 
fX  7*  .* 

§  ^ 

ssii 

o  w 
_  ~<o 

O  rt  I 

"  ”  O  H 

H  V  H  C 

o  *3  6 
£"*  £  o 

•H  «H  J3 

3  **  3  a 

5  «  5  ° 

2  «  2  Q 


*  H 

g  c° 


Uj  |  ” 

o  £  • 

u  ®  ►»  M 

10  3  o 


«s 

CM 

H 

• 

m 

• 

H 

• 

o 

08 

vO 

CO 

ft 

X* 

oo 

N 

IX 

'O 

•* 

—4 

H 

'O 

w  ^ 

”  (J 

co 

• 

'O 

• 

• 

v© 

• 

■M 

x> 

• 

O' 

• 

p- 

• 

p- 

• 

CO 

• 

X< 

• 

00 

• 

CO 

• 

00 

• 

• 

jO 

CO 

• 

HI 

p- 

• 

o 

• 

w 

CO 

o 

H 

H 

H 

H 

H 

H 

•—4 

© 

H 

»— 4 

o 

H 

- 1 

H 

H 

iH 

H 

in 

m 

O' 

o 

o 

o 

o 

CO 

•—4 

o 

m 

o 

o 

S' 

M 

m 

o 

X* 

o 

H 

CO 

o 

v© 

o 

m 

b  o 

^4 

ro 

o 

H 

© 

H 

o 

o 

•—4 

x-4 

eg 

»H 

®  ° 

o 

o 

4J 

o 

o 

4J 

44 

o 

o 

o 

o 

H 

4J 

4J 

m 

<4-* 

o 

*"* 

4-» 

o 

o 

4-» 

44 

'M 

44 

p- 

'O 

CO 

m 

o 

m 

>© 

o 

o 

m 

o 

m 

o 

CO 

ca 

1 

H 

o 

'O 

IX 

t 

CM 

rsj 

eg 

vO 

H 

X* 

g  m 
o  — • 
.  o 

i  h 

■H  f\l 


-»  2 

•H 

O  O  CO 
_4  H  •— 4 

ox  o 

A  ^  CO  ’~l 


x  m  h  n 

^  in  ^  h  ih 

n  n  o  o  o  o  o 

H  H  H  H  ^4  H  i—4 

o  o  X  X  X  X  X 

H  H  N  'T  N  N  in 


r-  >© 

H  H 

o  mo 

H  H  »H 

X  eg  OX 

>0  o-4  r— t  If) 

.  o  X  • 

CO  -H  i-l  X* 


«  X 

8  « 

4  § 

■  a 

.O  x 
^  *« 
CO  J3 


«  o  «Q-  «J  «n- 

C  «  v  v  v 

•g  V  V  «  V 

5  M  fa  fa  fa 

«  <M  >H  'H  <M 

t»  I  I  I  I 

y  iH  *— l  h  i— I 

O  «J  «J  jS  «J 

"2  «  a>  oj  t> 


.  v  v  v  v  c  v 

llji.se  ■£ 


■•***»?>»  -*M»V  'mr* 


3.7x10^  ref.  56 j 
1.  3x10"  1  ref.  6: 


Temp  E  in  ity 

Substance  p  ohm*  cm  °C  E/2kT  Carrier  Ref. 
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Dielectric  strength 
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Melanine-F orm&ldehyde  Molding  Compounds 

Ionomers  a- Cellulo»  e  Asbestos  Macer.  ted 

PROPERTIES  Filler  Filler  Fabric  Filler 

Specific  gravity  (density)  0. 93  to  0. 95  1. 47  to  1. 52  1. 70  to  2.  0  •  1.5 

Specific  volume,  cu.  in/lb.  29.2  to  29.8  18.2  to  18.8  13.8  to  16.3  18.5 
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Volume  resistivity,  ohm-cm  10  5x10  >10  >10 

Dielectric  strength 

(short  time)  volts /mil  400  to  500  42!:  460  to  700  450  to  500 

(step-by-step)  volts/mil  -  400  420  to  700  440  to  600 

Dielectric  constant,  60  cycles  2.58  3.14  2.  25  to  2.  35  2.  30  to  Z.  35 
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Machining  qualities  -  fair  excellent  fair  to  excellent 


VINYL  POLYMERS  AND  COPOLYMERS 
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Resistance  to  organic  solvents  poor  excellent 
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A.S.  T.  M.  Test  Methods  for  Physical  Properties  Appearing  in  Table 


Specific  gravity  (density) 

D  792 

Specific  Volume,  cu.  in/lb. 

D  792 

Refractive  index, 

D  542 

Tensile  strength,  psi 

D  638 
D  651 

Elongation,  % 

D  638 

Tensile  modulus,  10  psi 

D  638 

Compressive  strength,  psi 

D  695 

Flexural  strength,  psi 

D  790 

Impact  strength,  ft.  lb/in 

of  notch  (1/2  x  1/2  on.  notched  bar) 

D  256 

Hardness,  Rockwell 

D  785 

Flexural  modulus 

D  790 

Compressive  modulus 

D  695 

Thermal  conductivity,  10“^  cal.  /sec.  / 
sq.  cm.  ,  /  1(°C.  /cm. ) 

C  177 

•j 

Thermal  expansion,  10"J  per  °C. 

D  696 

Deflection  temp.  ,  °F  264  &  66  psi  fiber  stress 

D  648 

Volume  resistivity,  ohm-cm. 

(50%  RH  and  23°C.  ) 

D  257 

Dielectric  strength,  short  time,  l/8-in. 
thickness,  volts /mil 

D  149 

Dielectric  strength,  step-by-step,  1/8-in. 
thickness,  volts /mil 

D  149 

Dielectric  constant,  60  cycles 

D  150 

Dielectric  constant,  10^  cycles 

D  150 

Dielectric  constant,  10^  cycles 

D  150 
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Dissipation  (power)  factor,  60  cycles 

10^  cycles 
10^  cycles 

Arc  resistance,  sec. 

Water  absorption,  24  hr. ,  1/8-in.  thickness,  % 
Burning  rate  (or  flammability,  in.  /min. ) 

Effect  of  weak  acids 
Effect  of  strong  acids 
Effect  of  weak  alkalies 
Effect  of  strong  alkalies 
Effect  of  organic  solvents 


D  150 
D  150 
D  150 
D  495 
D  570 
D  635 
D  543 
D  543 


D  543 
D  543 
D  543 
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